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Abstract 
Phase change materials have been recently used for temperature regulation and storage in buildings. The optimization 
of their performance is a major concern for a proper integration. In this work, we simulate a phase-change material 
(Octadecane, Pr = 50) in an enclosure using thermal lattice Boltzmann model (TLBM). Likewise, we propose a new 
optimization approach based on analyzing the “Potential” of the material to insure sufficient energy storage, with 
maintaining fewer thermodynamics losses “Perte”, and also respect the shape “Preference” and availability. Hence, 
we introduce the “3P” method to choose an optimum shape of the enclosure. In comparison with the entropy 
minimization method (EGMM), the 3P-method produces a range of aspect ratios more relevant to the desired 
theoretical hypothesis. 
© 2015 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE 
Keywords: Thermal lattice Boltemann model, Phase-change materials, Entropy, Nusselt number, Aspect ratio. 
1. Introduction 
    In the past decade, the economic situation started to change due to the rise in energy prices. Hence, 
researchers have begun to pay more attention to applications of phase change materials (PCMs) for 
heating and cooling of buildings. It should be noted that PCMs can be used for temperature regulation and 
their high storage capacity can reduce energy consumption in buildings. However, for a more adequate 
integration, the industry needs to optimize the performance of PCMs. In this paper, we introduce a new 
shape optimisation method based on three criteria to enhance the performance of an enclosure containing 
PCM. The first, referred to as “Potential”, is related to the material's ability to transfer and store heat. The 
second, on the other hand, is based on the analysis of the second law of thermodynamics. The entropy 
generation is calculated to evaluate the losses through the enclosure. This will be referred to, in our work, 
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as “Perte” (the loss). The third criterion is related to the enclosure aspect ratio. This is controlled by the 
preference of the industry for certain forms based on their availability and architectural functioning. This 
will be referred to as “Preference” factor. The 3P parameter will be, thus, introduced to enhance the 
choice of the shape of the enclosure for PCM assuring best performance with minimum losses. For this, a 
set of numerical simulations is undergone for enclosures of different aspect ratios and various temperature 
gradients. The investigation on this problem is important, and may have an impact on the design and 
operation of heat transfer energy storage (HTES). Therefore, in this paper we perform simulations of such 
problem via a thermal lattice Boltzmann model (TLBM). This approach has been demonstrated to be 
powerful and successful as a mesoscopic particle-based method for a wide variety of fluid flow and heat 
transfer problems [1, 2]. 
Nomenclature 
L Length of enclosure 
H  Height of enclosure 
Th Temperature of hot wall 
Tc Temperature of cold wall 
ΔΤ Temperature gradient (ΔΤ  = Th - Tc) 
A Aspect ratio (A = H/L) 
2. Problem description and formulation 
    The original idea is to fill containers of glass blocks with PCM, with transparency properties, and thus 
create a wall of a building facade that can let the natural light pass through while taking advantage of 
solar gains (see Fig.1a). For PCM in windows, paraffin based, organic materials are the most interesting, 
since they are transparent in liquid state and translucent in solid state. For this we chose octadecane as a 
study case. Fig. 1b depicts the considered problem. The study is conducted on a phase-change material 
(PCM) “Octadecane” with a Prandtl number Pr = 50, a range of temperature gradients ΔΤ from 0.5 to 10, 
and a range of aspect ratios A = H/L from 1 to 20. 
(a)                                                        (b)  
Fig. 1. (a) PCM window technology: glass filled with PCM, (b) Schematic view of a differentially heated enclosure. 
3. Numerical model 
The lattice Boltzmann thermal model (TLBM) with a single relaxation time (SRT) for incompressible 
thermal flows is based on two distribution functions, if  and ig , and their corresponding evolution 
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equations [1, 2]. These are translated (Eqs. (1)-(2)) in the form of two steps, which are collision and 
streaming (advection) processes [3, 4]: 
 
fi x + ei ,t +1( ) = fi x ,t( )−τ f−1 fi x ,t( )− fieq x ,t( )( ) + Fb  (1) 
 
gi x + ei ,t +1( ) = gi x ,t( )−τ h−1 gi x ,t( )− gieq x ,t( )( ) + Sh  (2) 
where ie  is the microscopic particle velocity in the i -direction, fτ  and hτ  are the dimensionless 
relaxation times, and eqif  and 
eq
ig are local equilibrium distributions functions that can be computed 
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are, respectively, the weight coefficient and the velocity vector of the 2 9D Q  model; u

ux ,uy( )  is the 
macroscopic velocity, with, xu  and yu  representing velocities in the x- and y-direction, respectively. 
Note that the relaxation times 
 
τ f  and  τ h  can be determined via ( )= Δ −2s fc t 0.5ν τ  and 
( )= Δ −2s hc t 0.5α τ ,  cs being the lattice sound speed. Likewise, additional term bF  
( ) ( )( )= − − −0 h cg T T / T Tβ  and hS ( )−= ± ∂ ∂1Ste / tε  are Boussinesq force which simulates natural 
convection and the source (or sink) term that handles the phase-change if present, where ε  is the liquid 
fraction. But the simulations considered here are for the sensible heat only. 
Finally, the basic thermo-hydrodynamic properties, such as density, ρ , momentum density, uρ , and 
temperature, T , are defined as moments of the DFs, if  and ig , as follows, 
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4. Criteria of optimization 
The optimization procedure is based on the study of three criteria as defined in the introduction: 
Potential, Perte, and Preference. This allows us to express a new parameter “3P”. The optimal shape of 
aspect ratio (Aopt) can be deduced at the maximum value of (3P) for a given temperature gradient (ΔT). 
Moreover, we define two characteristic curves (δ and λ) to describe the performance of the material 
where the potential and losses compete. In what follows, we will give further explanation on the choice 
and computation of up- mentioned parameters. 
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4.1. Heat transfer “Potential” 
    The key parameter to describe this criterion for a convective system is the Nusselt number (Nu). The 
fusion of PCM in the rectangular enclosure of brick Plexiglas is modified by the phenomenon of natural 
convection in liquid phase. The Nusselt number is supposed to decrease as the aspect ratio (A = H / L) 
increases. Although the natural convection can enhance the heat transfer performance of liquid PCM, it 
also causes larger non-uniformity for the solid–liquid interface and temperature distribution during the 
PCM melting process. Here, we intend to ensure maximum storage and heat transfer, but maintaining 
lower convective heat transfer coefficient, and faster melting time by preserving lower aspect ratio. These 
characteristics correspond to the point of inflection where the effect of A on Nu becomes less significant. 
4.2. Entropy generation “Perte” 
Irreversible occurrences in a thermodynamic system are usually provoked by losses mainly of two 
origins: the first is due to the heat transfer across a finite temperature difference, and the second is due to 
the pressure drop resulting from friction [5]. The sum of these thermodynamic losses induces the entropy 
generation in the system. Recently, the analysis of the second law of thermodynamics started to enter in 
the design of thermal and chemical processes, nevertheless, the entropy generation alone cannot 
characterize the performance of a system. The ability of heat transfer and energy storage should be also 
taken in consideration in the overall examination. According to Bejan [6], the local entropy generation (
 Slo ) and the total entropy generation ( ST )  can be expressed as: 
 
Slo =
k
T0
2 ∇T( )
2
+ 2μ
T0
SijSij  and  
 
ST = Slo dvV∫   (6) 
where k  is the thermal conductivity of the fluid, μ is the viscosity, 0T  is the bulk temperature (
 T0 = (Th +Tc ) / 2 ), and  
Sij  is the rate of deformation tensor. In this expression, the first term (right-hand) 
is due to heat transfer, while the second term is due to the dissipation. A dimensionless form of their 
expressions can be obtained and the total entropy generation (ST) is integrated Eq. 6. The entropy 
generation (ST) is calculated for different aspect ratios ( A ) and temperature gradients ( ΔT ). 
4.3. Availability of shapes in industry “Preference” 
Usually it is more preferable to use high aspect ratios for PCM since the major application is in walls 
and facades and to insure faster fusion. For this, we propose a function to describe this preference to be (
 Γ = A0.3 ). 
5. 3-P indicator (Potential-Perte-Preference) 
Based on the above criteria, we define two characteristic curves of the material performance, namely:
 δ = Nu.ΔT  to represent the heat transfer ability, and 
 
λ = Γ .A0.37ΔT
ST ΔT( )2
 to express the losses and 
take into consideration the effect of shape preference. 
We search a better performance of PCM by insuring max storage with least heat transfer and fluid 
friction losses. The two curves are conflicting versus A, which indicates the presence of an optimum. As 
shown in Fig. 2, the point of intersection of these two curves defines the optimum shape (Aopt) for a better 
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performance with minimum losses, and insuring faster fusion of PCM. This point also corresponds to the 
peak of the “3P” curve. This parameter is calculated as follows:   
PPP =
ST
δ ST + δ( )Γ  (7) 
   
The characteristic curves and 3P-curve permit us to evaluate Aopt. Fig. 2 shows these curves for 
different values of ΔT . For low values of ΔΤ, the 3P-curve has a clear summit. While as ΔT  increases 
the curve will reach an asymptotic value. This indicates that for high temperature gradients the shape will 
have no significant effect on the performance. The high ΔΤ is enough to ensure sufficient energy storage, 
thus faster phase-change occurrence is guaranteed by higher aspect ratios. 
 
(a) (b) (c) 
       
                  
Fig. 2. Curves of δ, λ, and 3P to estimate Aopt for low ΔΤ. (a) ΔΤ = 0.5, (b) ΔΤ = 2, (c) ΔΤ = 10. 
6. Evaluation of the 3P-method with respect to EGM method 
When compared to EGMM method [7], 3P- indicator will result in different prediction of Aopt . Fig. 
4a shows the variation of  
Aopt  with ΔT  computed using the EGMM. This method shows that as ΔT  
increases the optimum shape is of lower aspect ratio. But low aspect ratios are not very desirable in PCM 
applications, since faster phase-change occurrence is guaranteed by higher aspect ratios.  Thus, the 3P-
method, as shown in Fig. 3b, evaluates  
Aopt  by an S-curve versus ΔT . This curve satisfies the 
theoretically desired results. The optimum aspect ratio will vary between Aopt  = 5 &15 versus  ΔT . This 
approach insures higher storage quantities with fewer losses and respects the shape preferences of the 
enclosures. 
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7. Conclusion 
Heat and fluid flow in an enclosure have been simulated using a thermal lattice Boltzmann model. 
Then, we have proposed a new approach based on analysing the “Potential” of the material to insure 
efficient energy storage, with maintaining fewer thermodynamics losses “Perte”, and also respecting the 
shape “Preference” and availability. Hence, we introduce the 3P-method to choose an optimum shape of 
the enclosure. The optimum aspect ratio corresponds to the point of intersection of two characteristic 
curves, and corresponds to the peak of the 3P-curve. In comparison to the EGMM, the 3P-method 
produces a range of shape aspect ratios more relevant to the desired theoretical hypothesis. 
 
(a) (b) 
                     
Fig. 3.Variation of  Aopt versus  ΔΤ: (a) using “EGMM”, (b) using “3P-method” 
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